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The effects of locally applied adrenocortical hormones upon thermal burns
and ultraviolet irradiation of the skin have not been clearly established. Corti-
sone ointments, which are now known to exert little clinical effect on skin re-
sponses when applied locally, were used in many early studies on burns. The
early reports on the local effects of corticosteroids on burns were consequently
difficult to evaluate.
Since the therapeutic efficacy of hydrocortisone, when applied locally to the
skin, has now been well substantiated in many common inflammatory skin
diseases, we studied the effects of the topical application of this hormone on
experimentally produced second degree burns, and on ultraviolet erythema of
the human skin.
METHODS AND RESULTS
A) Standard Second Degree Thermal Burns
Second degree burns, 11 mm. in diameter, of reproducible and therefore
comparable intensity, were produced on the arms and forearms of thirteen young
healthy adult male volunteers. This was done by means of a 20 second exposure
to the Henriques-Moritz Harvard Burn Apparatus, which utilizes methyl alcohol
at its boiling point to maintain a temperature of 63 degrees Centigrade. One of a
pair of symmetrically situated sites burned in this manner was inuncted for 60
seconds with 2 % hydrocortisone acetate in a carbowax-propylene glycol base
or 2 % hydrocortisone-free alcohol in a lanolin-petrolatum-liquid petrolatum
base. I- Most of the other ("control") sites were inuncted with the ointment bases
only, but some "control" areas were completely untreated. Applications were
made by means of a smooth glass rod at intervals of 5 minutes, 30 minutes, 2
hours, 5 hours, and 24 hours following burning.
Under these experimental conditions, identical effects were noted from the
acetate and the free alcohol of hydrocortisone in their respective bases.
No differences were noted in the progression and healing of the sites in two
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subjects in whom the inunctions were delayed for 24 hours following the burns,
whether the site was completely untreated, inuncted with 2 % hydrocortisone,
or inuncted with the ointment base only.
When the inunctions were performed at intervals from five minutes to five hours
after the burns, the sites inuncted with hydrocortisone became more severe and
took longer to heal in nine of eleven subjects than did symmetrically situated
sites inuncted with the ointment bases alone or sites which were completely un-
treated. In the two remaining subjects receiving the applications at these time
intervals after burning, no differences were discernible between the behavior of
the hydrocortisone-inuncted and the "control" sites.
In no instance did the inunction of hydrocortisone ointment appear to lessen
the intensity or speed the recovery of the burn.
B) Ultraviolet Erythema
Twelve paired symmetrically situated sites, 30 mm. in diameter, on the backs
of ten volunteers were exposed to the rays of a hot quartz ultraviolet generator
for 60 seconds at a distance of 30 inches. * The sites were observed six hours
and twenty-four hours after irradiation. Twenty-eight series of tests were per-
formed in all.
In each of three subjects, immediately following exposure to the rays, one site
was inuncted for 60 seconds with 23% hydrocortisone in carbowax-petrolatum
base, another with hydrocortisone 2 % in lanolin-petrolatum-liquid petrolatum
base, and still another with hydrocortisone 2 % in saline suspension. tThe
symmetrically situated sites were inuncted with the vehicle alone, or received
no inunction at all. No differences were noted between the hydrocortisone-
treated and the "control" sites.
Ten test series were performed in which the paired inunctions described above
were carried out prior to irradiation. Distinctly less erythema occurred in areas
prepared with hydrocortisone immediately before exposure to the ultraviolet rays.
The corresponding ointment vehicles alone lessened the erythema response
somewhat, but to a lesser degree than the preparations containing hydrocortisone.
Application of the hydrocortisone each day for four consecutive days prior to the
day of irradiation did not further reduce the erythema. If the hydrocortisone
was applied 24 hours or more before ultraviolet irradiation, no diminution in
erythema was observed.
To determine if this diminished erythema was due to a light-ifitering effect of
the steroid or to its physiologic action in the skin, the quartz cup technic de-
scribed by Baer, Kline and Rubin (1) was used in fifteen series of tests. The
materials being studied were placed upon the skin in quartz cups which permit
the passage of ultraviolet radiation rather than inuncted directly onto the skin
sites. Exposure to the test dose of ultraviolet radiation then followed in the
usual way. Diminished erythema was produced in the skin sites below the
quartz cups containing 2 % hydrocortisone in the carbowax-propylene glycol
* This is twice the Minimum Erythema Dose for this burner.
t Merck & Company, Rahway, New Jersey.
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or in the lanolin-petrolatum-liquid petrolatum ointment bases or in aqueous
suspension. The sites beneath the quartz cups containing oniy the ointment
vehicles showed distinctly less reduction in the erythema response. The sites
under the cups with the lanolin-petrolatum-liquid petrolatum base became less
erythematous than those beneath the cups with carbowax-propylene glycol base.
There was, of course, marked erythema of the skin beneath the cup containing
the control liquid consisting of physiologic saline solution.
Two and one-half per cent solutions of hydrocortisone* were prepared in
propylene glycol and in 5 parts of propylene glycol and 3 parts of water. These
preparations were clear solutions. When they were tested in the described manner
either on the skin itself or in the quartz cups, the solutions containing the steroid
diminished the erythema effect of the ultraviolet irradiation, and the vehicles
themselves did not.
Finally, the erythema-diminishing effects of the solutions of hydrocortisone
in propylene glycol were tested against those of equimolar solutions of tannic
acid in propylene glycol, using the quartz cup method. Less erythema was
observed in the skin sites beneath the cups containing tannic acid in propylene
glycol than in the skin beneath the cups containing hydrocortisone in propylene
glycol at concentrations ranging from .00006897M (25 mg/cc hydrocortisone;
117.25 mg/cc tannic acid) to .00001469M (5.3 mg/cc hydrocortisone; 25 mg/cc
tannic acid).
DISCUSSION
The therapeutic efficacy of hydrocortisone in a large number of apparently
unrelated conditions suggests that this substance acts as a "protective shield"
for the tissues against various irritants (2). When the irritant in question has
both inflammatory and necrotizing effects, the action of hydrocortisone is not
clearly defined. Selye (2), using the granuloma pouch technic, showed that by-
drocortisone prevents only the strictly inflammatory response to an irritant.
This effect is beneficial to the host if the irritant, while not very injurious per se,
is one that produces undesirable phlogistic effects (i.e. allergens); but the anti-
phlogistic effect of this hormone may prove detrimental to the host if it denies
him the protective effect of this inflammatory response against the necrotizing
effect of a damaging agent. This dichotomous effect of hydrocortisone may
explain the increased severity and delayed healing of our experimental second-
degree thermal burns. When the hormone is present in the "immediate" (up
to 5 hours) post-burn period, it may interfere with the inflammatory-protective
response to the burn and allow the necrotizing effect of the injury to proceed
unchecked.
Our observations of the effect of locally applied hydrocortisone on the ery-
thema which follows ultraviolet irradiation are in agreement with other workers
(3—5) who reported the hormone to have no effect when it is applied after expo-
sure. We cannot confirm the report of Rehn and Whitelaw (6) who reported
* Dr. S. W. Lee, Schering Corporation, Bloomfield, N. J., furnished the hydrocortisone
used in this part of the study.
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increased erythema and post-inflammatory hyperpigmentation in areas inuncted
with cortisone immediately following exposure to ultraviolet rays.
The observation that the erythema response of the skin to ultraviolet rays
could be diminished by hydrocortisone in true solution placed upon the skin in
quartz cups, as well as by inuncting the material directly onto the skin prior to
irradiation, strongly suggests that this "protective" effect of the hormone is
due to a "light-filtering" or "light-screening" effect of the compound itself,
rather than to any "physiologic" action of the hormone in the skin. In other
words, hydrocortisone seems to diminish ultraviolet erythema by absorbing
erythemogenic rays outside the skin rather than by producing anti-inflammatory
or other changes in the skin. Our findings indicate that hydrocortisone in a 23 %
concentration acts as a filter which effectively reduces the erythema produced by
ultraviolet rays, but that it is less efficient in this respect than tannic acid, mole
for mole.
SUMMARY AND CONCLUSIONS
Experimentally produced second degree thermal burns are intensified by
hydrocortisone applied locally five minutes to five hours after burning. This
intensification may be due to the inhibition of inflammatory-protective mech-
anism in the tissues while the necrotizing effect of the injury proceeds unchecked.
No alteration of the erythema response of the skin to ultraviolet rays is ob-
served if inunctions with hydrocortisone are performed after irradiation. When
the inunctions are carried out immediately prior to irradiation, the erythema
response is weaker in the hydrocortisone-treated areas. This reduction in response
is apparently due to the screening effect of the hormone at the skin surface rather
than to an antiphlogistic or other action in the tissues.
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DISCUSSION
DR. MILTON M. CAITN (Philadelphia, Pa.): In our initial studies on the effects
of Chioroquine in modifying reactions to ultraviolet light, we thought that it
acted as a light screen. Further studies showed that it did not act in this lash-
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ion, and our absorption spectra studies bore this out. (CAHN, M. M., LEVY, E.
J., AND SHAFFER, B.: Polymorphous Light Eruptions. The Effects of Chioroquine
Phosphate in Modifying Reactions to Ultraviolet Light, J. Investigative Dermat.
In press.)
DR. FREDERICK KALZ (Montreal, Quebec): Some of the questions which I
should like to discuss may be touched upon in the following paper of Dr. Scott.
I should like to ask oniy two questions, both with regard to the light screening
effect observed. I take it that the ointment has not been removed before the
ultraviolet was applied? Secondly, I should like to ask about the quartz cup
method and the solutions mentioned. Hydrocortisone is not soluble in saline and
I presume that a suspension rather than a true solution was used; any suspension
may, of course, have some light screening effect.
DR. STEPHEN ROTHMAN (Chicago, Ill.): I have some difficulty in understanding
the interpretations of these interesting results. Inflammation as Cohnheim
taught us in the last century, is always a reaction to a primary alteration which
can be anything from frank necrosis to finest submicroscopic physiochemical
changes in the injured cells. Does Dr. Kanof assume that there is an inflammation
without primary alteration, and that these are the only cases in which hydro-
cortisone is effective? In this case hydrocortisone should never be effective while
clinical experience has taught us that hydrocortisone in local application has a
powerful anti-inflammatory effect in many instances.
DR. LEON GOLDMAN (Cincinnati, Ohio): In burns of the eye, the hydrocorti-
sones are lifesaving measures and are continued together with antibiotics, and
do not interfere with the healing of even severe burns of the eye.
As Dr. Rothman mentioned, there is a relatively gross correlation between the
amount of steroid, which is available at the cellular level for its anti-inflamma-
tory effect, and the degree of tissue injury and damage. It might be well, with
suitable controls, to try to repeat these experiments using fairly large amounts
injected locally, and also relatively superficially in the skin.
DR. NORMAN B. KANOF (in closing): I wish to thank all the discussers for
their interest and I will try to answer their questions as best I can.
In answer to Dr. Cahn, the absorption spectrum of cortisone and hydrocorti-
sone has been determined by several investigators. Cortisone shows its maximum
absorption at 2370 A, and hydrocortisone at 2420 A.
In answer to Dr. Kalz' question, the applications were not removed before
exposure to ultraviolet light. Hydrocortisone is not very soluble in water and the
material used in saline and in aqueous media was in suspension. It was for that
reason that we made our solutions in propylene glycol and propylene glycol and
water. We obtained clear solutions with these solvents and were able to eliminate
the particulate ifitering effect.
As Dr. Rothman pointed out, the question of interpretation of the results is a
difficult one and the question of drawing a line between purely inflammatory
effects and inflammatory-necrotic effects is a very fine one indeed. Many inves-
tigators, however, do feel that there is this differentiation, and that hydrocorti-
sone benefits the host through its antiphlogistic effect if the inflammatory reac-
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tion is causing the difficulty, as in an acute allergic reaction. If, however, the
inflammatory reaction is part of the defense against a more overwhelming injury,
the antiphlogistic effect of hydrocortisone may enhance the toxic or necrotic
effect by interference with the tissue response. Then perhaps we are doing damage
to the tissue as a whole.
Dr. Goldman pointed out the difficulty of correlating the effects of steroids on
the eye and on the skin. Cortisone when applied locally is known to be much
more effective in the eye than on the skin, and a difference in action of hydro-
cortisone on burns of these two organs may also be observed.
